


INDICATOR

11
QUESTION

Is the coastal watershed experiencing
“sprawl-type” development?  
ANSWER Yes.

Why This Is Important
Increasing rates of land consumption per person is an indicator of sprawl-type development. Undeveloped land is at a
premium in New Hampshire’s coastal watershed. Accelerated consumption of this land is a threat to the habitats, health,
and aesthetic quality of the watershed.

Explanation

Between 1990 and 2000, 11,154 acres of
impervious surface were added in the
coastal watershed. More than half of the
42 towns in the coastal watershed had
significantly increasing land consumption
per person between 1990 and 2000 (25
of 42 towns)1. On average, the acres of
impervious surfaces for each person in
the towns increased by 0.05 acres/per-
son over ten years, from 0.15 acres/per-
son in 1990 to 0.20 acres/person in
2000.The towns with the largest
increases were Newington, Madbury, and
Epping where the imperviousness per
capita increased by 0.52, 0.08, and 0.07
acres per person, respectively. The high
ratio for Newington was likely caused by
the loss of population between 1990
and 2000 following the closure of Pease
Air Force Base.

The following figure illustrates the general
increase in imperviousness per capita by
plotting the ratio for each town in 1990
versus its ratio in 2000. All of the towns
plot above the red 45 degree line, which
shows that imperviousness per capita is
increasing in all the towns even if the
change is not statistically significant.

Possible Reasons

Sprawl is a regional issue of concern as population in the Seacoast region continues to increase. If development is poorly
planned, it can result in creation of unnecessary impervious surface cover.
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Impervious Acres per Person - 1990 vs. 2000

Note:Values for Newington not shown on figure.
Source: University of New Hampshire Complex Systems Research Center



NHEP GOAL
No towns in the coastal watershed having increasing rates of land consumption
per person as measured by impervious surface creation.

NHEP-Funded Activities
The NHEP supports the Natural Resources Outreach Coalition (NROC), which assists communities with planning for
growth while protecting natural resources. NROC helps communities identify priorities, provides technical assistance,
and funds community implementation projects through grants. NROC activities have been conducted in the towns of
Barrington, Dover, Exeter, Stratham, and Newfields.Activities in 2003 are being conducted in Somersworth, Candia,
and Nottingham.

The NH Office of State Planning, with NHEP support, completed “Achieving Smart Growth in New Hampshire,” a
resource to assist communities integrating smart growth principles into planning activities.The report provides examples
of smart growth in New Hampshire and presents the planning process undertaken by three communities through
case studies.

Footnotes
1 An increase in ratios was considered statistically significant if the amount of the increase was greater than the uncertainty in the estimates.

Reference to Indicator Report
A complete assessment of per capita land consumption may be found in the NHEP Environmental Indicator Report: Land Use and Development,
Indicator “LUD2”
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Tidal creek in Durham, NH
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INDICATOR

12
QUESTION

Have restoration efforts resulted in
more tidal wetland acres?
ANSWER Yes.

Why This Is Important
Filling, ditching, draining and restricting tidal flow degrade salt marshes. These impacts disrupt the marsh ecology and
can result in mosquito problems, flooding, and reduced biological diversity. Restoration efforts seek to remedy these
problems by improving tidal hydrology and reestablishing healthy marsh habitats.

Explanation

The NHEP has a goal to restore 300 acres of tidal wetlands through tidal restriction removal. Since January 2000,
176.5 acres of salt marsh has been restored through tidal restriction removal (59% of goal).The NH Coastal Program
is currently planning another 129 acres of salt marsh restoration by tidal restriction removal, which, if completed, will
surpass the NHEP goal of restoring 300 acres.

Possible Reasons

Over time much of the salt marsh area in the State has been degraded due to tidal restrictions (e.g. undersized culverts
and/or filling), hydrology modifications (e.g. ditching), and increased freshwater inputs from impervious surfaces. However
in the last decade, over 600 acres of salt marsh habitat have been restored in the State as a result of strong leadership
from local communities and state and federal agencies including the NH Coastal Program, NH Department of
Transportation, and the USDA Natural Resources Conservation Service.

NHEP-Funded Activities
The NHEP has funded salt marsh restoration activities in the towns of Hampton and North Hampton. Currently, the
NHEP is supporting the New Hampshire Chapter of Ducks Unlimited in cooperation with the NH Coastal Program to
restore the Pickering Brook salt marsh in Greenland that has been degraded due to ditching.

Reference to Indicator Report
A complete assessment of salt marsh restoration may be found in the NHEP Environmental Indicator Report: Species and Habitats, Indicator “RST1”

Salt marsh habitat and a great blue heron

PH
O

TO
 C

R
ED

IT
:G

R
EA

T
 B

AY
 N

AT
IO

N
A

L 
ES

T
U

A
R

IN
E 

R
ES

EA
R

C
H

 R
ES

ER
V

E

28

NHEP GOAL
Restore 300 acres of salt marsh through tidal restriction removal by 2010.
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The Great Bay Resource Protection Partnership (GBRPP)
plays an integral role in the identification and protection
of key undeveloped lands and habitat around Great Bay.
The Partnership was conceived in 1994 by a coalition of
organizations that shared the objective of protecting critical
habitat. GBRPP’s nine principal partners, the Audubon
Society of New Hampshire, Ducks Unlimited, Great Bay
National Estuarine Research Reserve, New Hampshire Fish
and Game Department (NHFG), The Nature Conservancy,
Society for the Protection of New Hampshire Forests, U.S.
Environmental Protection Agency, U.S. Fish and Wildlife
Service, and U.S. Natural Resources Conservation Service,
first came together to protect 500 acres of significant
wetlands and associated uplands in the Crommet Creek
area of Durham.

The success of the Crommet Creek project led to
the development of a plan for identifying and protecting
additional important habitat. Since then, GBRPP has been
awarded four North American Wetland Conservation Act
(NAWCA) grants, funded through the Duck Stamp
program, for a total of nearly $3.2 million, which was
matched by over $5.7 million in local funding. Furthermore
U. S. Senator Judd Gregg has been instrumental in securing
nearly 25 million dollars in federal funding for the
Partnership’s land protection activities.Today, with support
from a uniquely diverse array of federal, state, and local
stakeholders, the Partnership has succeeded in protecting
over 4,100 acres of important habitat in the Lamprey 
River, Piscassic River, and Crommet Creek watersheds
through purchases of land and conservation easements,
most of which will ultimately be under the management 
of the NHFG.

The NHEP’s Management Plan rates support of the
GBRPP as among its Highest Priority Action Plans. As
such, the NHEP has consistently funded the Partnership’s
habitat protection efforts through staff support and
through support of resource assessment projects that
identify and recommend conservation action priorities.

As a tributary to the Lamprey River with tracks of rural
forested land ripe for new development, the Piscassic River
Watershed was a logical region in which to continue habitat
inventory and assessment work. With NHEP funding, the
Partnership recently completed An Assessment of Natural
Communities and Significant Wildlife Habitat in Selected Focus
Areas in the Piscassic River Watershed. This study, a potential
prototype for studies of other tributaries to Great Bay, is
comprised of two complementary components: a technical
report, which applies GIS technology to developing a habitat
modeling protocol, and a field-based resource assessment,
which inventories significant ecological communities.

Findings from the assessment demonstrate that a
remarkable level of diversity occurs in the Piscassic River
Watershed.Within the 2,500 acres inventoried as part of
the assessment, 60 natural community types were recorded
and 358 plant species were identified – nearly 18 percent of
the documented native and naturalized plant species found
in the State. The assessment identified three parcels as
priority areas for conservation action, including a
wetland/floodplain forest community, a large intact forested
block with interspersed open field, river corridor, and
riparian habitats, and a riverside tract within which three
turtle species deemed of “special management concern”
were confirmed to occur. Based on the Piscassic study, the
Partnership submitted an application in March 2003 for $1
million in NAWCA funds to protect these important
habitats. Of 44 proposals received, the application ranked
second in the Atlantic Coast region based in part on the
strength, thoroughness, and currency of its assessment. In
July 2003 the proposal was approved by the NAWCA
Council and the completed assessment and mapping will
provide an important baseline of data from which to
develop resource management plans. In the meantime,
GBRPP intends to continue to inventory sites and
implement habitat protection strategies throughout the
Great Bay area, building on its already considerable success.
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CASE STUDY 1
Protecting Critical Habitat around Great Bay

Protected land along Great Bay in Newmarket, NH

cdo2
Text Box
by Matt Craig,
 NHEP Planning Technician
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CASE STUDY 2 
Managing Shellfish Waters in Hampton-Seabrook Harbor 

Shellfish harvesting is a popular recreational activity
in the estuaries of New Hampshire and is a tradition
for many Seacoast families. In addition to their value as
a recreational resource, shellfish serve as an indicator
of overall water quality and estuarine health. In the
1980s and early 1990s, closure of clam flats due to
bacterial contamination left many residents frustrated
and was the impetus for action by the New Hampshire
Estuaries Project (NHEP). In conjunction with other
state agencies, the University of New Hampshire
(UNH) and the surrounding communities, the NHEP
facilitated the development of programs designed to
evaluate water quality, identify and remediate pollution
sources, classify shellfish growing waters, and enhance
opportunities for shellfish harvesting.

Using the NHEP Management Plan as a framework
for improving water quality and shellfish resources, the
NHEP and its partners have implemented a variety of
monitoring, assessment, and restoration programs.
Monitoring activities include classifying shellfish waters,
sampling stormdrain and wastewater treatment facility
discharges, and tracking pollution sources. Research
projects, pollution source assessment, and monitoring
activities have helped managers make informed decisions
about shellfish harvesting, such as classification and
opening of additional clam flats to harvesting and
delineation of areas around wastewater plants and
marinas that are permanently closed to harvesting.

Program activities supported by the NHEP are
described below.

Determining Safe Shellfishing Conditions
Since its inception in 1995 the NHEP has supported

sanitation monitoring to ensure safe shellfish harvesting.
The NHEP was instrumental in establishing the New
Hampshire Department of Environmental Services (DES)
Shellfish Program and obtaining certification from the
FDA for a commercial shellfish program in 2002.The
DES Shellfish Program, with continued support from the
NHEP, pursues a goal of completing sanitary surveys of
all shellfish growing waters by the end of 2005. Sanitary
survey reports describe water quality status and trends
in shellfish growing areas, outline future activities to

improve water quality, and ultimately expand harvesting
opportunities.

A key function of the DES Shellfish Program is the
collection of data to inform the decision to reopen
shellfishing beds that have been closed due to an influx
of harmful bacteria, such as a wastewater treatment plant
failure. In February of 2003, a discharge of improperly
disinfected sewage was released from the Hampton
wastewater treatment facility and the popular clamming
flats in Hampton-Seabrook Harbor were immediately
closed. Shellfish tissue sampling conducted by the DES
Shellfish Program accurately monitored the bacterial
levels in the shellfish and provided the necessary
information to determine when to reopen the flats.
Without this testing the closure may have continued
for days after bacteria levels had reached safe levels.

The DES Shellfish Program benefits from the
assistance of Great Bay Coast Watch volunteers, whose
activities are supported by grants from the NHEP.
These volunteers provide field support to the program
by assisting with water quality and meat tissue
sample collection.

Studying Juvenile Clam Mortality
In the past 30 years the Hampton-Seabrook Harbor

flats have experienced dramatic peaks and valleys in its
clam populations ranging from a high of 27,000 bushels in
1997 to lows less than 1,000 bushels in 1978 and 1987.
Overharvesting was suspected as the cause of these
crashes, however, NHEP-funded research suggests that
there may be more to the story.

In 2001, University of Maine at Machias researcher
Dr. Brian Beal was contracted by the NHEP to examine
the causes of juvenile soft-shell clam mortality in the
Hampton-Seabrook Harbor. He conducted a series of
manipulative field experiments at three clam flats in the
harbor from November 2001to July 2002. Dr. Beal
placed hatchery-reared, juvenile clams into six-inch
plastic plant pots that were filled with sediments from
each flat and buried to their rims. Half the pots were
stocked with a high density of clams to determine
whether crowding affected survival.To assess the effects
of predation, Dr. Beal placed flexible plastic netting over
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some of the pots to exclude predators. He collared
other pots with netting that extended about 1 inch
above the rim to contain clams dislodged by sediment
erosion. In total Dr. Beal’s research team placed 720
pots in the harbor.The carefully crafted design also
addressed potential differences in clam growth and
survival with respect to tidal height.

The results of Dr. Beal’s work suggested that sediment
erosion by tidal and wind currents and predation by
crustaceans, primarily green crabs (Carcinus maenas L.),
were significant factors that increased juvenile clam
mortality.The NHEP is using these results to develop
strategies and additional projects to address declining
clam populations.

Improving Shellfish Harvesting Opportunities
The DES Shellfish Program with support from the

NHEP has improved shellfish harvesting opportunities in
Hampton-Seabrook Harbor through a variety of
activities. From 1999 to 2002, the Program conducted a
sanitary survey of the Hampton Falls River and Taylor
River that led to the conditional opening of 87 acres of
growing waters to harvest, thus bringing the total open
area in Hampton-Seabrook to 44 percent of the total
1,068 acres.The DES Shellfish Program also re-evaluated
the rainfall closure criterion and determined in 2003 that
the closure threshold could be raised to 0.25 inches for
the late fall, winter, and spring harvesting seasons.This
change is expected to open 10 percent more weekends
to clam harvesting. In order to ensure that closures are
issued only when necessary, DES conducts a post-rainfall
sampling program that in 2002 identified four of the
seven weekend storms sampled as not warranting clam
flat closures.Without this direct sampling of bacteria
levels, 25 percent of the available weekends in 2002
would have been closed to clam harvesting.

Tracking Pollution Sources
The NHEP funded a study by the DES in conjunction

with UNH that utilized a new high-tech DNA analysis
technique called ribotyping (commonly referred to as
DNA fingerprinting) to track down the source of
bacteria (Escherichia coli) in Hampton-Seabrook Harbor.

Beginning in 2000, water samples were collected for
one year, twice a month, from ten sites in Hampton-

Seabrook Harbor during both dry and wet weather
conditions. UNH researchers then matched the collected
bacteria’s DNA signatures with signatures from a genetic
library of bacteria from many different animals, including
humans. During the study 236 of the 391 isolates
collected between August 2000 and October 2001 were
matched with a source species. Of the total 391 isolates
26 percent came from humans, 15 percent from wildlife,
8 percent from livestock, 7 percent from wild birds, 4
percent from pets, and 40 percent were unidentified.
Results will help managers make informed decisions to
control pollution from specific sources and target
additional studies to further refine source identification.

Setting Pollution Load Limits
The DES is currently developing a bacteria Total

Maximum Daily Load (TMDL) for Hampton-Seabrook
Harbor in accordance with the Clean Water Act
requirements.A TMDL determines the amount of
pollution a body of water can receive and still meet
water quality standards. Hampton-Seabrook Harbor was

CASE STUDY

2Managing Shellfish Waters in
Hampton-Seabrook Harbor (continued) 

Experimental units placed in Hampton-Seabrook Harbor clam flats 
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CASE STUDY

2 Managing Shellfish Waters in
Hampton-Seabrook Harbor (continued) 

a priority for TMDL development because of bacteria
concentrations that exceed State surface water quality
standards for the consumption of shellfish.The goal of
the TMDL is for the water quality in the harbor to meet
standards set for shellfish growing waters by the
National Shellfish Sanitation Program.

The NHEP contributed to the TMDL development
by funding two rounds of wet weather sampling in 2002
in and around Hampton-Seabrook Harbor. The study
characterized the bacterial loading to the harbor from
23 major storm drains and tributaries and also showed
the effects of the stormwater discharges on water
quality. This information was used to prioritize pollution
sources as part of the Hampton-Seabrook Harbor
bacteria TMDL and it will be useful to managers
prioritizing pollution mitigation efforts for the
storm drain systems.

Managing Stormwater
Communities are required to address stormwater

pollution, a major threat to water quality and estuarine

resources such as shellfish.The NHEP has helped the
towns of Hampton and Seabrook, in addition to other
seacoast communities, meet this challenge through
projects to understand and manage stormwater runoff.
Through a grant program administered by DES, the NHEP
provides funds to communities to map their storm sewer
systems, including underground and aboveground storm
drainage systems, catch basins, and outfalls, as well as flow
direction.The electronic maps generated are valuable tools
to communities to monitor stormwater pollution and
maintain stormwater management infrastructure.
The mapping projects have assisted Hampton and
Seabrook with meeting a requirement of the federal
Stormwater Management Phase II Regulations to map
stormwater infrastructure.

NHEP-supported activities have also involved the
public in stenciling community stormdrains. Painted
messages adjacent to stormdrains remind people that
anything going into a drain flows directly into our
waterways and estuaries. An NHEP-funded project,
coordinated by the New Hampshire Sea Grant Program
and several seniors from Winnicunnett High School,
involved students from Hampton Academy Junior High
stenciling over 100 stormdrains in Hampton in 2002.

Summary 
Much work has been done by the NHEP to

monitor contamination, and identify and eliminate
sources of bacteria and nutrients to Hampton-
Seabrook Harbor. The NHEP, in partnership with
other organizations, is planning to take further action
to enhance shellfish resources, improve the Harbor’s
water quality, and protect open space throughout the
Hampton/Seabrook watershed.

Much of the information appearing in this case study is adapted from
“Managing Shellfish Waters in Hampton Harbor Using a Watershed
Approach” by the following authors:

Natalie Landry, NH Department of Environmental Services 
Phil Trowbridge, NH Department of Environmental Services 
Chris Nash, NH Department of Environmental Services 
Dr. Stephen Jones, University of New Hampshire,

Jackson Estuarine Laboratory 

Hampton-Seabrook Harbor in 2000 
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